Objective: Replacing physical activity with videogaming has been implicated in causing obesity. Studies have shown that using motion-sensing controllers with activity-promoting videogames expends energy comparable to aerobic exercise; however, effects of motion-sensing controllers have not been examined with traditional (non-exercise-promoting) videogames. Materials and Methods: We measured indirect calorimetry and heart rate in 14 subjects during rest and traditional videogaming using motion sensor and joystick controllers. Results: Energy expenditure was higher while subjects were playing with the motion sensor (1.30 -0.32 kcal/ kg/hour) than with the joystick (1.07 -0.26 kcal/kg/hour; P < 0.01) or resting (0.91 -0.24 kcal/kg/hour; P < 0.01). Oxygen consumption during videogaming averaged 15.7 percent of predicted maximum for the motion sensor and 11.8 percent of maximum for the joystick. Minute ventilation was higher playing with the motion sensor (10.7 -3.5 L/minute) than with the joystick (8.6 -1.8 L/minute; P < 0.02) or resting (6.7 -1.4 L/ minute; P < 0.001), predominantly because of higher respiratory rates (15.2 -4.3 versus 20.3 -2.8 versus 20.4 -4.2 beats/minute for resting, the joystick, and the motion sensor, respectively; P < 0.001); tidal volume did not change significantly. Peak heart rate during gaming was 16.4 percent higher than resting (78.0 -12.0) for joystick (90.1 -15.0; P = 0.002) and 17.4 percent higher for the motion sensor (91.6 -14.1; P = 0.002); mean heart rate did not differ significantly. Conclusions: Playing with a motion sensor burned significantly more calories than with a joystick, but the energy expended was modest. With both consoles, the increased respiratory rate without increasing tidal volume and the increased peak heart rate without increasing mean heart rate are consistent with psychological stimulation from videogaming, rather than a result of exercise. We conclude that using a motion sensor with traditional videogames does not provide adequate energy expenditure to provide cardiovascular conditioning.
Introduction
A n increased prevalence of obesity has been reported in adults and children in the United States and throughout the world. 1 Replacement of outdoor physical activity with increased television viewing 2 and console videogame use 3 have been implicated as contributing factors. Indeed, increased videogame use has been shown to correlate with increasing body mass index, 2, 4 blood pressure, and hyperlipidemia. 5 Although studies of subjects playing videogames have shown an increase in energy expenditure over resting levels, the magnitude of the increase was reported to be lower than levels associated with standard physical exercise, below national recommendations for health maintenance, and below levels needed for cardiovascular conditioning. 6 In recent years, Nintendo, Inc. (Kyoto, Japan), Sony (Tokyo, Japan), and Microsoft (Redmond, WA) have introduced console games that use a motion-sensing controller instead of a standard joystick controller. Game-related motion, such as swinging a bat or sword, turning a wheel, or throwing a ball, is input to the gaming system through movement of the controller, as opposed to the more limited joystick movement and button pressing performed in previous-generation systems. Although energy expenditure has been shown to increase to levels comparable to low-level exercise when subjects use motion-sensing devices to play games specifically designed to promote physical activity, [6] [7] [8] [9] [10] [11] [12] it is not known whether the use of motion-sensing devices also increase energy expenditure when playing traditional adventure (e.g., ''Legend of Zelda'' [Nintendo]), first person shooter (''Halo'' [Microsoft]), or platform (''Mario'' [Nintendo]) games, which are more popular among videogamers (sales data as per vgchartz.com). We therefore measured the energy expended by subjects playing a prior-generation standard (non-exercise-promoting) videogame with a handheld button and joystick controller (Nintendo GameCubeÔ system) versus a motion sensor-based system (Nintendo WiiÔ) and compared the energy expended using both systems with the energy expended while resting.
The primary purpose of this study was to find out whether playing videogames with a motion sensor interface burns more calories than playing a videogame using a standard hand-held controller. Our secondary purpose was to characterize the cardiopulmonary exercise response to playing each system.
Materials and Methods
Subjects were recruited by advertising at regional high schools and at Drexel University College of Medicine (Philadelphia, PA). Subjects were asked to arrive at the laboratory at least 4 hours postprandially and avoid consuming caffeinated beverages for 8 hours prior to testing. Subjects were excluded if they had a history of cardiac or pulmonary disease, if they were pregnant, or if they had physical or physiologic impairments that would prevent their use of either videogame interface. Prior to beginning the study, subjects were familiarized with the videogame and the controllers until they understood the game process and were comfortable with both controls. Versions of ''Legend of Zelda'' for the Wii and GameCube were used for the study. This traditional adventure game was chosen because the same challenges were present on both console versions of the game and because the highintensity ''battle'' conditions of the game require frequent use of the game controllers. Each subject was started at the same level for each game. Subjects could choose to sit or stand during gameplay per their preference.
Resting energy expenditure (REE) was measured for 15 minutes using a metabolic cart (UltimaÔ CardiO2; Medgraphics, St. Paul, MN). Subjects were asked to breathe normally while sitting still in a reclined chair while wearing a foam face mask fitted to a flow and gas sensor. Tidal volume, respiratory rate, minute ventilation, oxygen consumption (Vo 2 ), carbon dioxide production (Vco 2 ), and heart rate were measured at 1-minute intervals. The O 2 pulse was calculated by dividing the Vo 2 by the heart rate. The respiratory exchange ratio (R) was calculated by dividing Vco 2 by Vo 2 . Caloric energy expenditure was calculated by the method of Weir. 13 Comparison reference values for maximum exercise were per Puente-Maestu. 14 Subjects were then asked to participate in two exercises in random order: (a) play for 15 minutes using the motion sensor system (Wii) or (b) play the same game for 15 minutes using the button/joystick controller (GameCube). Metabolic cart measurements were repeated during each videogame session as described above. During gameplay, Vo 2 and pulse were reported both as mean values averaged over the 15-minute session and as peak values. Peak Vo 2 and peak heart rate were defined as the 1-minute interval with the highest values. Values for metabolic equivalents of task were calculated by dividing the average Vo 2 during videogame play by the subject's own resting Vo 2 . Subjects were asked to rest for at least 15 minutes between exercises or until they were comfortable and ready for the next session at their baseline pulse rate (whichever was longer).
Results are given as mean -standard deviation values for each variable. Results among resting, motion sensor, and button/joystick controller sessions were compared by repeated-measures analysis of variance (ANOVA), and pairwise comparisons were made by paired Student's t test. Results were considered significant at a P value ofp0.05. Effect sizes for the t tests were examined using the Cohen d, where a d value of greater than 0.8 refers to a large effect size, a value of 0.5-0.8 refers to a medium effect size, and a value of less than 0.5 refers to a small effect size.
Statistical analyses were completed using SPSS software (SPSS version 19; SPSS, Inc., Chicago, IL).
The study was approved by the Drexel University College of Medicine Institutional Review Board (protocol 17023). An informed consent form was signed by participants or, in the case of a minor, his or her parents. Assent forms were signed by participating minors.
Results
Fourteen subjects completed the study. Subject demographics are described in Table 1 . Subjects were all nonsmokers and varied in age from adolescence to middle age, in body mass index from underweight to obese, and in selfreported videogame experience from novice (never or rarely play videogames) to highly experienced (daily videogame play). All participants chose to sit while playing both videogames.
Energy expenditure
Playing with either the joystick or the motion sensor was associated with significant differences in energy expenditure compared with the subject's REE (P < 0.01, ANOVA). Individual responses to videogame play are illustrated in Figure 1a . The mean REE for all subjects was 0.91 -0.24 kcal/ kg/hour. Playing a videogame with the joystick controller resulted in an 18.8 percent increase over REE, increasing the energy expenditure to a mean of 1.07 -0.26 kcal/kg/hour (P = 0.02, paired t test; Cohen d = 0.67). Gaming with the motion-sensing controller further increased energy expenditure to a mean of 1.30 -0.32 kcal/kg/hour, a 48.2 percent increase above REE (P < 0.01, t test; Cohen d = 1.38) and a 29.4% increase above playing with the joystick (P < 0.01, t test; Cohen d = 0.79).
Similarly, mean Vo 2 was significantly different among resting, joystick, and motion sensor play (3.08 -0.61 mL/ minute/kg versus 3.59 -0.71 mL/minute/kg versus 4.41 -1.14 mL/minute/kg, respectively; P < 0.001, repeated-measures ANOVA) (Fig. 1b) , with an 18.3 percent higher Vo 2 for the joystick versus REE (P < 0.01; Cohen d = 0.77) and a 48.3 percent higher Vo 2 for the motion sensor versus REE (P < 0.01, Cohen d = 1.20). Playing with the motion sensor was associated with a 23.8 percent higher Vo 2 than playing using the joystick (P < 0.01; Cohen d = 0.72).
Peak Vo 2 was also significantly different among resting, joystick, and motion sensor play (P < 0.001, ANOVA) (Fig.   1b) . The maximum Vo 2 during rest was 4.06 -1.07 mL/ minute/kg. Playing with the joystick increased peak Vo 2 by 16.6 percent to 4.63 -1.17 mL/minute/kg (P < 0.02; Cohen d = 0.51), whereas playing the motion sensor device increased peak Vo 2 by 56.7 percent over resting to 6.59 -1.5 mL/minute/kg (P < 0.001; Cohen d = 1.94) and by 32.68 percent over using the joystick (P < 0.001; Cohen d = 1.45). However, the subjects' average peak Vo 2 while playing with the motion sensor was modest, at 19 -9 percent of predicted maximum Vo 2 . Subjects' average peak Vo 2 during joystick play was significantly lower than during motion sensor play, at 14 -5 percent of predicted maximum Vo 2 (P < 0.01).
The average R value did not differ between activities (0.89 -0.06 versus 0.91 -0.07 versus 0.89 -0.06 for resting, joystick, and motion sensor, respectively; P = 0.21). Analysis of V-slope plots (Vo 2 versus Vco 2 ) showed that no subject achieved anaerobic threshold during videogame play with either system.
Cardiac response to videogame play
Individual heart rate responses are illustrated in Figure 2a . Differences between maximum heart rates observed between resting and videogame play were statistically significant (78.0 -12.0 versus 90.1 -15.0 versus 91.6 -14.1 beats/ minute for resting, joystick, and motion sensor, respectively; P < 0.01, repeated-measures ANOVA). The difference in maximum heart rate between joystick and motion sensor play was not significant. The maximum heart rate achieved during joystick play was 16.3 percent higher than resting heart rate (P = 0.002; Cohen d = 0.89), whereas using the motion sensor was associated with a maximum heart rate of 17.4 percent higher than resting (P = 0.002; Cohen d = 1.03). However, these increases in heart rate were not sustained, as there was no significant difference in average heart rate over the course of each 15-minute session (77.9 -12.2 versus 82.3 -15.0 versus 83.6 -14.0 beats/minute for resting, joystick, and motion sensor, respectively; P = not significant). At peak exercise, heart rate was 48 -9 percent versus 49 -9 percent of predicted maximum when using the joystick and motion sensor controllers, respectively. There was no difference in peak O 2 pulse between resting and playing using the joystick (3.7 -1.1 mL/beat versus 3.6 -0.8 mL/beat, respectively), but there was a 32.8 percent increase in O 2 pulse between resting and the motion sensor (3.7 -1.1 mL/beat versus 4.6 -0.8 mL/beat, respectively; P < 0.04; Cohen's d = 0.95) and a 29.4 percent increase between the joystick and the motion sensor (3.6 -0.8 mL/beat versus 4.6 -0.8 mL/beat, respectively; P < 0.001; Cohen's d = 1.22). Although statistically significant, the increased peak O 2 pulse during motion sensor play was modest at 24.5 -6.8 percent of the predicted maximum O 2 pulse (Fig. 2b) . Heart rate (beats/min) 
Ventilatory response to videogame play
Minute ventilation increased significantly during game play, predominantly owing to the increase in respiratory rate (Fig. 3a) . Resting minute ventilation was 6.7 -1.4 L/minute. During joystick game play, average minute ventilation increased 61 percent to 8.6 -1.8 L/minute (P < 0.001; Cohen's d = 1.20). Playing with the motion sensor increased the minute ventilation by 59 percent from resting, up to 10.7 -3.5 L/minute (P < 0.001; Cohen's d = 1.49). The difference in minute ventilation between joystick and motion sensor gameplay was 24 percent, which was also significant (P < 0.02; Cohen's d = 0.76). The respiratory rate increased significantly during videogame play (P < 0.03, ANOVA) (Fig. 3b) . At rest, the average respiratory rate was 15.2 -4.3 breaths/minute. Videogame play on either system resulted in an almost identical increase in breathing rate over baseline: an increase of 41 percent to 20.3 -2.8 breaths/minute while playing with the joystick (P < 0.001; Cohen's d = 1.40) and an increase of 43 percent to 20.4 -4.2 breaths/minute while playing with the motion sensor (P = 0.001; Cohen's d = 1.22). There were no significant differences in tidal volume between resting and videogame play with either system.
Discussion
We found that energy expenditure was significantly higher when subjects were playing videogames than when resting and that energy expenditure was significantly higher when playing with the motion sensor versus playing with the joystick. However, the increase in energy expenditure with either videogame was modest in comparison with energy expended during other physical activities ( Table 2) . 15 Despite the use of motion sensor technology, playing a traditional videogame with a motion sensor still fails to provide the level of exercise needed to promote cardiovascular conditioning. Indeed, the energy expenditure used when playing either videogame is similar to that used while doing desk work and pales in comparison to walking or other exercise. We found that the maximum increase seen with the motion sensor was only 19 percent of the predicted maximum exercise capacity. These findings are similar to the results of the study of Amonette et al., 16 who also reported relatively small increases in energy expenditure with highand low-intensity videogaming when compared with maximum exercise. Based on our findings, we estimated that a 70-kg male would burn off the calories in a standard 82-calorie chocolate chip cookie in approximately 66 minutes if playing with a joystick controller and in 54 minutes if playing with a motion sensor interface, compared with only 22 minutes for steady walking at a moderate pace of 3 miles/hour.
We found statistically significant increases in minute ventilation between rest and playing videogames with a joystick and between using the joystick and using the motion sensor. The respiratory rate increased significantly while playing with either the joystick or the motion sensor in relation to resting, but there was no difference between gaming systems. In contrast to other forms of exercise, we found that the increase in minute ventilation was due predominantly to the increase in respiratory rate; tidal volume did not increase during either joystick or motion sensor gameplay. The pattern of increased respiratory rate without change in tidal volume is similar to that previously described in models of anxiety 17 and performance of mental arithmetic. 18 In conjunction with the lack of a difference in respiratory rate between joystick and motion sensor play, this finding suggests that the respiratory response may be due to psychological stimulation from the game, rather than a response to exercise.
The cardiac response to gameplay was limited. Although the peak heart rate increased significantly between resting and use of either gaming system, this increase was not sustained throughout the exercise period, and we found no difference in mean heart rates during each activity. Moreover, the maximum heart rate peaked in the low 90 beats/minute for both games; at about 48 percent of the predicted value, this is well below the 80 percent predicted that has been suggested for promotion of fitness 19 and may not meet American College of Sports Medicine and American Heart Association recommendations for exercise (moderate exercise that ''noticeably accelerates the heart rate'' or vigorous intensity that causes a ''substantial increase in heart rate''). 20 The variability in heart rate during gameplay, along with the rapid return to resting levels while gameplay continued, suggests that the heart rate response may also be due to psychological stimulation from the game and not a response to exercise. Although there was a statistically significant increase in O 2 pulse in subjects playing with the motion sensor that was not seen in subjects playing with the joystick interface, the increase was modest and not likely to provide a cardiovascular conditioning effect. Moreover, the R value stayed relatively constant at about 0.88, suggesting that the anaerobic threshold was never reached. These findings are consistent with a very modest physiologic expenditure of the activity.
Our results showed that subjects playing a standard videogame on the Wii had substantially smaller increases in energy expenditure than the three-to fourfold increases in energy expenditure previously reported for playing ''Wii Boxing'' or ''Wii Jogging. '' 7,11 Our GameCube results showing an 18.2 percent increase in energy expenditure are somewhat lower than those reported by Wang and Perry, 6 who found an increase in energy expenditure of about 50 percent in a younger group of children playing on a gaming device (PlayStationÔ 2; Sony Computer Entertainment, Tokyo) with a similar controller. The lower increment found in our GameCube players may be due to a lower REE in our older population; additionally, the subjects in the study of Wang and Perry 6 may have been more mobile and animated during gameplay owing to their younger ages as their baseline energy expenditure was reported to be high. Playing with the Wii was associated with a 48.2 percent increase in energy expenditure, which was similar to the increase reported by Wang and Perry. 6 Our study is limited by the relatively small number of subjects. The increases in energy expenditure and Vo 2 reported among resting and GameCube and Wii use were consistent among almost all subjects, however, and we therefore believe the possibility of a type I error is small. Because gameplay occurred in a clinical environment, it is also possible that we are underestimating the total caloric expenditure that occurs during videogaming in the home. Finally, our study was not powered to determine whether there was a difference between boys and girls, between obese and normal weight subjects, or between experienced and inexperienced gameplayers.
Overall, we found only a modest cardiopulmonary exercise response to playing standard videogames and a statistically significant but clinically inconsequential increase when subjects played a similar videogame using a motion control device. The energy expenditure from this type of videogame activity appears to be minimal and to be less than the energy expended by writing at a desk or playing croquet. Videogame activities of this type would not contribute to fitness and should not be considered as aerobic exercise. Videogame participants wishing to use videogame technology to provide a cardiovascular workout should be advised to use games that are specifically designed for exercise or to consider other methods to improve cardiovascular fitness or increase energy expenditure. In view of these findings, the study of Sit et al. 21 is noteworthy in demonstrating a preference among young children for more active videogames when given a choice between active and more sedentary versions of the same game. This preference could translate into higher energy expenditures during real-life videogame play than we found in a laboratory setting.
